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(54) Reproduction method and reproduction apparatus 



(57) This invention relates to a reproduction method 
and also to a reproduction apparatus adapted to trans- 
mit a first digital signal for main data of a piece of music 
and additional data accompanying the main data and 



including the number of the piece of music and the 
elapsed time on the track and a second digital signal for 
main data of the piece of music and accompanying ab- 
solute time data on a common digital interface. 
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Description 

[0001] This invention relates to a reproduction meth- 
od and also to a reproduction apparatus adapted to 
transmit a first digital signal for main data of a piece of 
music and additional data accompanying the main data 
and including the number of the piece of music and the 
elapsed time on the track and a second digital signal for 
main data of the piece of music and accompanying ab- 
solute time data on a common digital interface. 
[0002] The digital audio interface output of known 
compact disk (CD) players is adapted to produce, in ad- 
dition to main data that are digital audio data, channel 
status data including a category code for identifying the 
CD category of the CD disk to be played and user data 
comprising Q codes, each including a track number and 
the elapsed time of a piece of music on the track. 
[0003] On the other hand, many known digital record- 
ing apparatus using a digital audio tape (DAT) or a mini- 
disk (MD) as recording medium are designed to auto- 
matically record start IDs and track numbers on the re- 
cording medium for a great convenience of the user on 
the basis of the CD category identified by decoding the 
channel status data and the sub-data including the track 
numbers and the elapsed time of each piece ofmusic 
recorded on the CD to be replayed as detected by de- 
coding the Q code ofthe user data when receiving data 
from the CD player by way ofthe digital audio interface. 
[0004] Meanwhile, in recent years, standards for op- 
tical disks that are different from known CDs and adapt- 
ed to record high speed 1-bit digital audio signals for 
music have been proposed. Audio data addressed by 
the proposed standards are 1 -bit audio signals obtained 
by subjecting corresponding analog audio signals to a 
delta-sigma (A£) modulation process. A 1-bit audio sig- 
nal is sampled with a very high sampling frequency that 
is 64 times as high as the sampling frequency of 
44.1 KHz of ordinary CDs. The signal is expressed in 
terms of a very high sampling frequency and a data word 
length with a very small number of quantization bits and 
hence characterized by a wide transmission frequency 
band. Additionally, due to the AX modulation, it can se- 
cure a wide dynamic range in the audio band that is a 
low frequency band relative to the over-sampling fre- 
quency that is 64 times as high as the sampling frequen- 
cy of ordinary CDs. 

[0005] An optical disk deals with high speed 1-bit au- 
dio signals conforming to the proposed standards for 
new digital audio signals and shows audio characteris- 
tics by far more excellent than those of known CDs. 
However, a recording system totally different from that 
of known CDs has to be used for it and hence is not 
compatible with known CDs in terms of information on 
the track numbers and the elapsed time of each piece 
of music as contained in the sub-data as well as other 
data. 

[0006] Therefore, when producing. a digital audio in- 
terface output in a disk replaying apparatus adapted to 



digital audio signals conforming to the proposed new 
standards, the category code of the channel status data, 
the user data and other data generally have to be newly 
defined and managed. 

5 [0007] However, the use of such newly defined data 
is totally detrimental to the above identified convenience 
of recording start Ids and track numbers on the record- 
ing medium when the data are recorded by way of the 
digital interface to a known digital recording apparatus. 

10 [0008] Particularly, with a reproduction apparatus 
adapted to both digital audio disks conforming to the 
new standards and existing CDs, there arises a confus- 
ing situation where the above convenience is available 
when replaying a CD whereas it is not available when 

is replaying a new disk to a great inconvenience on the 
part of the user of the apparatus. 
[0009] According to an aspect of the invention, there 
is provided a reproduction apparatus adapted to selec- 
tively replaying a first recording medium having a pro- 

20 gram area storing a plurality of programs formatted ac- 
cording to a first format and sub-data including at least 
the passed-by addresses of each program and the pro- 
gram numbers; and 

a second recording medium having a program ar- 

25 ea storing a plurality of programs formatted according 
to a second format different from said first format and 
sub-data accompanying said programs and including 
absolute addresses and a control area for controlling re- 
cording addresses expressed in terms of absolute ad- 

30 dresses and corresponding the programs stored in said 
program area; 

said reproduction apparatus comprising: 

a reproduction means for replaying the control area 
35 and the program area of said second recording me- 
dium; 

a memory means for storing recording addresses 
expressed in terms of absolute addresses and cor- 
responding to the programs recorded in the control 
40 area of said second recording medium and replayed 
by said reproduction means; 
a sub-data generation means for generating the 
program number and the passed-by addresses of 
the program currently being reproduced on the ba- 
4S sis of the absolute addresses reproduced from the 
program area of said second recording medium by 
the recording addresses as expressed in terms of 
absolute addresses and corresponding to the pro- 
grams stored in said memory means and also by 
so said reproduction means; and 

an interface output means for receiving as input the 
passed-by addresses and the program number of 
each of the programs reproduced from the program 
area of said first recording medium when replaying 
ss said first recording medium and receiving the 
passed-by addresses and the program number of 
the program currently being reproduced as gener- 
ated by said sub-data generation means, trans- 
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forming them and outputting them to a predeter- 
mined digital interface when replaying said second 
recording medium. 

[0010] According to another aspect of the invention, 
there is provided a reproduction apparatus adapted to 
selectively replaying a first layer having a program area 
storing a plurality of programs formatted according to a 
first format and sub-data including at least the passed- 
by addresses of each program and the program num- 
bers and a second layer having a program area storing 
a plurality of programs formatted according to a second 
format different from said first format and sub-data ac- 
companying said programs and including absolute ad- 
dresses and a control area for controlling recording ad- 
dresses expressed in terms of absolute addresses and 
corresponding the programs stored in said program ar- 
ea; 

said reproduction apparatus comprising: 

a reproduction means for selectively replaying the 
program area of said first layer and the control area 
and the program area of said second layer; 
a memory means for storing recording addresses 
expressed in terms of absolute addresses and cor- 
responding to the programs recorded in the control 
area of said second layer and replayed by said re- 
production means; 

a sub-data generation means for generating the 
program number and the passed-by addresses of 
the program currently being reproduced on the ba- 
sis of the absolute addresses reproduced from the 
program area of said second layer by the recording 
addresses as expressed in terms of absolute ad- 
dresses and corresponding to the programs stored 
in said memory means and also by said reproduc- 
tion means; and 

an interface output means for receiving as input the 
passed-by addresses and the program number of 
each of the programs reproduced from the program 
area of said first layer when replaying said first layer 
and receiving the passed-by addresses and the 
program number of the program currently being re- 
produced as generated by said sub-data generation 
means, transforming them and outputting them to a 
predetermined digital interface when replaying said 
second layer. 

[0011] The hereinafter described embodiments of the 
present invention can provide a reproduction method 
and a reproduction apparatus adapted to use channel 
status data and user data in the format equivalent to that 
of CDs for the digital audio interface output when replay- 
ing a disk for digital audio signals recorded with a system 
different from that of CDs so that the convenience of au- 
tomatically recording start Ids and track numbers on the 
digital recording medium such as DAT or mini-disk can 
be ensured as in the case of a CD. 



[001 2] The hereinafter described embodiments of the 
present invention can provide a reproduction apparatus 
and a reproduction method adapted to use channel sta- 
tus data and user data in the format equivalent to that 
s of CDs for the digital audio interface output particularly 
in the case of a reproduction apparatus adapted to both 
digital audio disks conforming to the new standards and 
existing CDs. 

[0013] Now, preferred embodiments of reproduction 
10 apparatus and reproduction method according to the 
present invention will be described by way of non-limi- 
tative example with reference to the accompanying 
drawings in which: - 

[0014] FIG. 1 is a schematic block diagram of a disk 
15 replaying apparatus embodied according to the inven- 
tion. 

[0015] FIG. 2 is a schematic illustration of the data 
structure of a sub-coding frame format applicable to 
known CDs. 

20 [0016] FIG. 3 is a schematic illustration of the frame 
data structure of a Q data applicable to known CDs. 
[0017] FIG. 4 is a schematic illustration of the frame 
data structure of a Q data in a program area applicable 
to known CDs. 

25 [0018] FIG. 5 is a schematic illustration of the data 
structure of a sub-frame conforming to the Digital Audio 
Interface Standards. 

[0019] FIG. 6 is a schematic illustration of the data 
structure of a frame conforming to the Digital Audio In- 
30 terface Standards. 

[0020] FIG. 7 is a schematic illustration of the data 
structure of channel status data. 

[0021] FIG. 8 is a schematic illustration of the data 
structure of user data when the category of channel sta- 

35 tus data indicates the CD category. 

[0022] FIG. 9 is a schematic illustration of the data 
structure when a sub-frame conforming to the Digital 
Audio Interface Standards is used as user data. 
[0023] FIG. 10 is a schematic illustration of the data 

40 structure when a sub-frame conforming to the Digital 
Audio Interface Standards is used as channel status da- 
ta. 

[0024] FIG. 11 A is a schematic illustration of the data 
structure of an HD disk applicable to the present inven- 
ts tion. FIG. IIB is a detailed illustration of the data structure 
of area TOC shown in FIG. HA. 

[0025] FIG. IIC is a detailed illustration of the data 
structure of the track area shown in FIG. 11 A. 
[0026] FIG. 11 D is a detailed illustration of the data 
50 structure of each track of the track area shown in FIG. 
11A. 

[0027] FIG. 12 is an illustration of the data table that 
may be recorded in the track list in an area TOC data. 
[0028] FIG. 13 is an illustration of the data table that 
55 may be recorded in the index list in an area TOC data. 
[0029] FIG. 1 4 is an illustration of the data table of an 
audio header in the audio sector of each track. 
[0030] FIG. 15 is an illustration of the data table of 
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frame info in the audio header of each track. 
[0031] FIG. 16 is a specific example of table of the 
track list and the index list in an area TOC data. 
[0032] FIG. 17 is a schematic illustration of the data 
structure of a sub-Q-data. 

[0033] FIG. 1 8 is a flow chart of the operation of gen- 
erating track numbers, index numbers and elapsed time 
that can be used for the purpose of the invention. 
[0034] FIG. 19 is a schematic illustration of the data 
structure indicating track numbers, index numbers and 
start times that can be actually generated on the basis 
of the table of FIG. 16. 

[0035] FIG. 20 is a flow chart of the processing pro- 
cedure according to the invention. 
[0036] The embodiment of reproduction apparatus 
according to the invention as described hereinafter is 
adapted to replay music from a compact disk (CD) and 
also from a novel optical disk storing high speed 1-bit 
digital audio signals and also output audio signals con- 
forming to the Digital Audio Interface Standards. An op- 
tical disk of the new type storing high speed 1-bit digital 
audio signals will be referred to as an HD (high defini- 
tion) disk hereinafter. 

[0037] Each high speed 1-bit audio signal recorded 
on an HD disk is obtained by means of delta-sigma (AS) 
modulation of an analog audio signal and has a data 
format of a data word length of 1 -bit and a sampling fre- 
quency of 2,8224MHz (44.1 KHz X 64). 
[0038] FIG. 1 is a schematic block diagram of disk re- 
playing apparatus 1 embodied according to the inven- 
tion, 

[0039] Referring to FIG. 1, optical disk 2 is a multilayer 
disk comprising a first layer storing multi-bit digital audio 
signals in the conventional CD format and a second lay- 
er storing 1-bit digital audio signals in the new format 
referred to as the HD format. 

[0040] In a different mode of carrying out the inven- 
tion, a reproduction apparatus may be so arranged as 
to selectively carry and drive a conventional CD or an 
hinge device storing 1 -bit digital audio signals in the HD 
format. 

[0041] The signal read out from the optical disk 2 by 
means of optical pickup 3 is input to physical signal de- 
tector/processor 5 by way of RF amplifier 4. 
[0042] In the case where the optical disk 2 is an HD 
disk or an HD layer, the physical signal detector/proc- 
essor 5 carries out an operation of physically processing 
the signal including EFM plus demodulation, product 
coding and descrambling and transmits a 1 -bit delta-sig- 
ma modulated digital audio signal having a sampling fre- 
quency of fs multiplied by 64 (64 X 44.1 KHz = 
2.8224MHz) to audio signal processor 6 and additional 
information detector/processor 8. 
[0043] On the other hand, in the case where the opti- 
cal disk 2 is a CD, the physical signal detector^processor 
5 carries out an operation of physically processing the 
signal including EFM demodulating and CIRC (cross in- 
terleaved Read-Solomon coding) and transmits a digital 



audio signal sampled with a sampling frequency of fs 
(44.1 KHz) and having a quantization bit number of 16 
bits to audio signal processor 1 1 and additional informa- 
tion detector/processor 1 2. 
$ [0044] The audio signal processor 6 demodulates the 
1-bit digital audio signal that is reproduced from the op- 
tical disk 2 and sampled with the sampling frequency of 
fs multiplied by 64 (64 x 44.1 KHz = 2.8224MHz) and 
the rate converter 1 3 down-converts the 1-bit digital au- 
io dio signal sampled with the sampling frequency fs mul- 
tiplied by 64 (64 X 44.1 KHz = 2.8224MHz) to a multi-bit 
digital audio signal having a sampling frequency of f2 
(44.1 KHz) and a quantization bit number of 16 bits that 
are equivalent with those of a CD and transmits it to one 
is of the terminals of first switch 1 4. 

[0045] On the other hand, the additional information 
detector/processor 1 1 demodulates the digital audio sig- 
nal having a quantization bit number of 16 bits that is 
reproduced from the optical disk 2 and sampled with the 

20 sampling frequency of fs (44.1 KHz) and transmits to the 
other terminal of the first switch 14. 
[0046] Then, the multi-bit digital audio signal selected 
by the first switch 14 is fed to interface output section 7. 
[0047] The digital audio interface output section 7 out- 

25 puts the multi-bit digital signal typically as digital audio 
interface output conforming to the IEC95B format. 
[0048] The additional information detector/processor 
8 separates all the information other than the audio sig- 
nal from the data string containing said 1 -bit digital audio 

30 signal. More specifically, it detects time information TCP, 
wfo ieh«will"be *des©r»ibeGi*here inafterr from-the deader in- 
formation contained in said data string and transmits it 
to sub-data converter/generator 9. Additionally, it ex- 
tracts information on the start time of each track and that 

35 of each index such as track start time codes and index 
start time codes from the control information arranged 
at the head and the trail of said data string and stores 
the extracted information in memory 10. 
[0049] The sub-data converter/generator 9 converts 

40 and generates sub-data such as channel status data 
and user data that conform to the Digital Interface 
Standards on CDs by means of said time information 
TCP fed from the additional information detector/proc- 
essor and said track start time information and index 

45 start time information stored in said memory 10. 

[0050] The sub-data generates by the sub-data con- 
verter/generator 9 such as channel status data and user 
data to one of the terminals of second switch 15. 
[0051] On the other hand, the additional information 

so detector/processor 1 2 separates all the information oth- 
er than the audio signal from the data string containing 
said multi-bit digital audio signal. Additionally, it extracts 
information conforming to the Digital Interface Stand- 
ards on CDs such as channel status data and user data 

55 and transmits it to the other terminal of switch 15. 

[0052] Then, the sub-data such as channel status da- 
ta and user data selected by said switch 15 are trans- 
mitted to said digital audio interface output section 7 and 
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synthetically combined with the multi-bit digital audio 
signal from the audio signal processor 6 or the audio 
signal processor 11 . Then, it outputs the obtained data 
conforming to the Digital Audio Interface Standards to 
digital output terminal 1. 

[0053] The first switch 14 and the second switch 15 
are controlled for their switching operations by a control 
signal output from the control section 16 on the basis of 
the outcome of the operation of determining if a CD or 
an HD or if a CD layer or an HD layer, whichever appro- 
priate, is to be handled. 

[0054] Now, sub-data, or channel status data and us- 
er data conforming to the CD Standards, that can be 
converted and generated by the sub-data converter/ 
generator 10 by means of the additional information ex- 
tracted from the 1-bit digital audio signals from the op- 
tical disk 2 will be discussed hereinafter. 
[0055] According to the CD Standards, there are sub- 
data (P t Q, R, S, T, U, V, W) formed on a frame by frame 
basis that can be read out when the disk is driven for 
ordinary replay on a track by track basis. FIG. 2 is a 
schematic illustration ofthe data structure of a sub-cod- 
ing frame format of a compact disk audio system (con- 
forming to the IEC (International Electro-technical Com- 
mission) 908 Standard). Sub-data P through W are con- 
tained in each frame by 98 bits including sync bits S 0 
and S 1 for a sync pattern. P represents information on 
the interval between two pieces on a track and R through 
W represent information on still pictures and characters. 
Q represents most of the information converted and 
generated by the additional information detector/proc- 
essor 9 including track numbers and the elapsed time 
on each of the tracks as well as the absolute time 
(minute, second, frame). 

[0056] FIG. 3 shows a format applicable to a Q code. 
The 96 bits other than the sync bits of S 0 and S 1 include 
4 CONTROL bits indicating the presence or absence of 
emphasis and if copying the piece is permitted or pro- 
hibited, 4 address (ADR) bits indicating the data mode, 
72 Q data bits and 16 cyclic redundancy check (CRC) 
bits for the generation of parity check codes. The 
number of address (ADR) bits will be reduced to 1 when 
the data in the program area are being reproduced. 
[0057] FIG. 4 is a schematic illustration of the frame 
data structure of a Q data including only an address 
(ADR) bit. It includes track no TNO, index number X, the 
elapsed time on the track (minute (MIN), second (SEC), 
frame (FRAME)), the absolute time (minute (AMIN), 
second (ASEC), frame (AFRAME) from the head of the 
disk and CRC. Note that the elapsed time on the track 
is that of a track with a specific track number. 
[0058] FIG. 5 is a schematic illustration of the data for- 
mat of a sub-frame conforming to the Digital Audio In- 
terface Standards (IEC 958 Standards). FIG. 6 is a 
schematic illustration ofthe data structure of a frame 
containing sub-frames as shown in FIG. 5. 
[0059] The synchronization preamble (Sync Pream- 
ble), user data (U bit), channel status data (C bit) and 



other data exist in each frame in addition to audio data 
for the left and right channels. 

[0060] FIG. 7 is a schematic illustration of the data for- 
mat of channel status data. The data contains a catego- 

5 ry code for identifying the type of apparatus, the sam- 
pling frequency fs and CONTROL bits for indicating the 
presence or absence ofemphasis. 
[0061] FIG. 8 is a schematic illustration of the data for- 
mat of a user data when the category code of FIG. 7 is 

to "10000000", indicating that the signal source is a CD 
reproduction apparatus. Here, codes Q through W are 
listed to exclude P code and, particularly, the 96 bits Q 
code will be extracted therefrom. 
[0062] FIG. 9 and FIG. 10 show examples of data in- 

is eluding user data (U) and channel status data (C) that 
can be actually output along with audio data. 
[0063] Thus, as described above, a digital output of a 
CD player contains channel status data indicating the 
CD category and user data indicating the track number 

20 and the elapsed time of the track. 

[0064] On the other hand, according to the above de- 
scribed newly established standards for optical disks 
(typically referred to as Super Audio CD Standards), a 
start address that corresponds to the absolute time of 

25 the start of a track in the audio area is written in 
Track_List_2 in the area TOC data. Only the time code 
contained in the initial header ofeach audio sector that 
corresponds to the absolute time ofthe start can be read 
out during an ordinary operation of reproducing data 

30 from a track. 

[0065] FIG. 1 1 A is a schematic illustration of the data 
structure of the audio area on an optical disk conforming 
to the Standards, where each of the two area TOCs ar- 
ranged on the opposite sides ofthe track area has a con- 

35 figuration as shown in FIG. 11 B. Track_Start_Time_ 
Code of each track is described in Track_List_2 in the 
area TOC as shown in the syntax of FIG. 12. Index start 
time code lndex_Start_TC of each index number as 
shown in the syntax of FIG. 1 3 is described in lndex_List 

40 of FIG. 11 B. 

[0066] On the other hand, Audio Sector as shown in 
FIG. 11 D is provided on each track as shown in FIG. 
11 C in the track area of FIG. 11 A and Framejnfo as 
shown in the syntax of FIG. 14 is described in Audio 

45 Header in the Audio Sector. More specifically, 
Time_Code of each frame is described there as shown 
in FIG. 15. 

[0067] As described above, according to the HD 
standards, only the time code (absolute time) of each 

50 frame can be read out from a track area that is a program 
area during an ordinary operation of reproducing data 
from a track unlike the CD format. In other words, infor- 
mation such as track numbers and the elapsed time of 
each track is not recorded. Therefore, it is not possible 

55 to display track numbers and the elapsed time of each 
track. 

[0068] In order to overcome this inconvenience, the 
disk replaying apparatus 1 frrstly reads out area TOC 
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(Table of Contents) data and stores it in memory 8 as 
shown in FIG. 1 when a disk is placed in position. Thus, 
the memory 8 stores a table of TRACK LIST 2and IN- 
DEX LIST as shown in FIG. 16. 

[0069] For driving the optical disk 2 for data reproduc- 
tion and adding user data (U bit) to its digital output, Q 
data as shown in FIG. 17 has to be produced by addi- 
tional information detector/processor 9 through a data 
conversion/generation process. 

[0070] Now, a conversion processing operation of a 
sub-data will be described by referring to FIG. 18. Firstly, 
the time code (absolute time) of the audio header has 
to be read out as TCP for each frame while th_e optical 
disk 2 is driven for data reproduction. Then, in Step S1 , 
the absolute time TCA (minute M, second S, frame F) 
of the TCP is written as shown in FIG. 17. 
[0071] Then, in Step S2, Track_Start_Time_Code 
(TC2) of Track No. 2 (TNO. 2) is compared with the 
above TCP. If TCP is smaller than TC2, the operation 
proceeds to Step S3, where the current track number is 
specified as TNO. 1. In Step S4 ; TC1 ofTrack Number 
1 (TNO. 1) is subtracted from the TCP to produce 
elapsed time TCN (minute, second, frame). 
[0072] After Step S4, the operation proceeds to the 
processing sequence of *1 surrounded by broken lines 
in FIG. 18, where the index number (IDX) in the track 
number TNO. 1 is determined. 

[0073] In Step S5, lndex_Start_TC of INDEX 2 of the 
track number TNO. 1 in lndex_List is compared with the 
above TCP. If the above TCP is smaller than 
lndex_Start_TC of INDEX 2, the operation proceeds to 
Step S6, where the index number is determined to be 
equal to "1 ". If, on the other hand, it is found in Step S5 
that the above TCP is greater than lndex_Start_TC of 
INDEX 2, the operation proceeds to Step S7, where 
lndex_Start_TC of INDEX 3 of the track number TNO. 
1 is compared with the above TCP If the above TCP is 
smaller than lndex_Start_TC of INDEX 3, the operation 
proceeds to Step S8, wheere the index number is de- 
termined to be equal to °2". If, on the other hand, it is 
found in Step S7 that the above TCP is greater than 
lndex_Start_TC of INDEX 3, the operation proceeds to 
Step S9, where lndex_Start_TC of INDEXM of the track 
number TNO. 1 is compared with the above TCP. II the 
above TCP is smaller than lndex_Start_TC of INDEXM, 
the operation proceeds to Step S10, where the index 
number is determined to be equal to "M-1". If, on the 
other hand, it is found in Step S9 that the above TCP is 
greater than lndex_Start_TC of INDEXM, the operation 
proceeds to Step S11, where lndex_Start_TC of IN- 
DEXM ofthe track number TNO, 1 is compared with the 
above TCP If the above TCP is smaller than 
lndex_Start_TC of INDEXM+1 , the operation proceeds 
to Step S12, where the index number is determined to 
be equal to "M". 

[0074] Then, the operation returns to Step S2 and if it 
is found in Step S2 that the above TCP is greater than 
the above TC2, the operation proceeds to Step S2, 



where Track_Start_Time_Code (TC3) of Track Number 
3 (TNO. 3) is compared with the above TCP. If the above 
TCP is smallerthan TC3, the operation proceeds to Step 
S22, where the current track number TNO. is deter- 

s mined to be equal to "2". Then, in Step S23, TC2 of the 
track number TNO. 2 is subtracted from TCP to obtain 
the elapsed time TCN (minute, second, frame). 
[0075] After the above Step S23, the operation pro- 
ceeds to the processing sequence of *2 surrounded by 

to broken lines, where the index number (IDX) in the track 
number TNO. 2 is determined. Since this sequence is 
similar to that of *1 above, it will not be described here 
any further. 

[0076] Then, in Step S31 , if the above TCP is smaller 
15 than TCN of the tack number N (TNO. N), the operation 
proceeds to Step S32, where the current track number 
TNO. is determined to be equal to N-1 . In Step S33, TC 
(N-1 ) of the track number TNO, (N-1 ) is subtracted from 
TCP to obtain the elapsed time TCN (minute, second, 
20 frame). 

[0077] After the above Step S33, the operation pro- 
ceeds to the processing sequence of *N-1 surrounded 
by broken lines, where the index number (IDX) in the 
track number TNO. N-1 is determined. Since this se- 
25 quence is similar to that of *1 above, it will not be de- 
scribed here any further. 

[0078] If it is found in Step S31 that the above TCP is 
greater than the N-th TCN of the track number TNO, the 
operation proceeds to Step S41 , where Track_Start_ 

30 Time_Code (TCN+1) of the track number N+1 (TNO. 
N+1) is compared with the above TCP. If it is found that 
TCP is smaller than TCN+1 , the operation proceeds to 
Step S42, where the current track number TNO is de- 
termined to be equal to "N". Then, in Step S43, TCN of 

35 the track number N (TCN. N) is subtracted from TCP to 
obtain the elapsed time TCN (minute, second, frame). 
[0079] After the above Step S43, the operation pro- 
ceeds to the processing sequence of *N surrounded by 
broken lines, where the index number (IDX) in the track 

40 number TNO. N is determined. Since this sequence is 
similar to that of *1 above, it will not be described here 
any further. 

[0080] Then, in the disk replaying apparatus 1, the 
sub-data converter/generator 9 turns TCP into absolute 

45 time TCA as shown in FIG. 18, using TCP read out by 
the additional information detector/processor 8 and the 
table stored in the memory 10 as shown in FiG. 16. 
Thereafter, the disk replaying apparatus 1 compares the 
track start time code of each track with TCP, starting 

50 from the track number TNO. 2. TNO of FIG. 17 that is 
greater than the N-th TC ofthe track number TNO and 
smaller than the N+1 -th TC will be equal to N. The value 
obtained by subtracting the N-th TC ofTNO from TCP 
represents the elapsed time of the track TCN (minute, 

55 second, frame) of FIG. 17. Then, each index start time 
code of TNO. N in the index list is compared with TCP 
to determine the current index number (IDX). Thus, Q 
data as shown in FIG. 17 can be prepared with the 
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above described flow of operation of conversion/gener- 
ation. Then, fixed value data such as CONTROL and 
address ADA shown in FIG. 4 are added thereto to pro- 
duce complete Q data. 

[0081 ] If the current absolute time is 7 minute, 40 sec- $ 
ond, 33 frame in the list of area TOC shown in FIG. 16, 
then the track number TNO will be m 2° and the elapsed 
time TCN will be 2 minute, 1 0 second, frame 33, where- 
as IDX will be "2°. 

[0082] Now, the operation of the above embodiment 10 
will be described further by referring to the flow chart of 
FIG. 18 and also to FIG. 19. 

[0083] Firstly, TCP "7 minute, 40 second, 33 frame" 
as read out by the additional information detector/proc- 
essor 9 is written into TCA of FIG. 17. Then, is 
Track_Start_Time_Code (TC2) "5 minute, 30 second, 
00 frame" ofthe track with the track number 2 (TNO. 2) 
is compared with the above TCP. Since TCP is greater 
than TC2, the operation proceeds to Step S21, where 
Track_Start_Time_Code (TC3) "11 minute, 40 second, 20 
00 frame" of the track with the track number 3 (TNO. 3) 
is compared with the above TCP. Since TCP is smaller 
than TC3, the operation proceeds to Step S22, where 
the track number TNO is made equal to "2". Then, in 
Step S23, TC2 is subtracted from TCP to obtain 2 min- 25 
utes, 10 seconds, 33 frames as TCN, or the elapsed 
time of the track number 2. 

[0084] Also, n 6 minute, 10 second, 00 frame" of IN- 
DEX 2 is compared with the above TCP and, since TCP 
is greater of the two, TC M 8 minute, 1 0 second, 00 frame" 30 
of INDEX 3 is compared with the above TCP. Since TCP 
is smaller ofthe two, the index number will be made 
equal to °2". 

[0085] Thus, to convert the additional information 
read out from the optical disk 2 by means of the optical 35 
pickup 3 ofthe disk replaying apparatus 1 into data cor- 
responding to Q code of the sub-data of a CD, the data 
of the area TOC is read out by the additional information 
detector/processor 8 firstly when the disk is placed in 
position and stored in the memory 2. For an ordinary 40 
track replaying operation, the time code in the header is 
read out by the additional information detector/proces- 
sor 8 and converted into channel status data and user 
data Q code equivalent to that of CDs by the user data 
converter/generator 9, referring to the information on the 46 
track list in the area TOC data stored in the memory 1 0. 
[0086] Thus, the conventional digital recorder that re- 
ceives the digital interface output by way of the output 
terminal 11 identifies the CD category by decoding the 
channel status data and detects the sub-data of the CD s° 
including the track number and the elapsed time by de- 
coding the Q code of the user data. Then, it automati- 
cally records the start Id and the track number corre- 
sponding to the detected data on the recording medium 
to a great advantage for the operation of the digital re- 55 
corder. 

[0087] For example, the value obtained by subtracting 
the start address of the N-th address in the track list from 



the time code address being reproduced will correspond 
to the elapsed time on the track. 
[0088] Note that channel status data is more often 
than not uniquely defined by the category and the pa- 
rameters of the equipment to be used. For example, 
channel status data can be generated for a new optical 
disk by fixing the category code to CD, the sampling fre- 
quency to 44.1 KHz and the emphasis to off. 
[0089] This operation of the present invention will be 
briefly discussed by referring to FIG. 10. 
[0090] Firstly, in Step 101, it is determined if the CD 
layer or the HD layer of the mounted optical disk that is 
to be replayed. If it is determined in Step 101 that the 
CD layer is specified by the user for replaying, the op- 
eration proceeds to Step 102, where the TOC area of 
the CD layer is replayed firstly to access the program 
area and retrieve the necessary data therefrom on the 
basis of the obtained TOC information. Then, in Step 
103, the sub-data annexed to the main data of the digital 
audio signal reproduced from the program area in Step 
102. If, on the other hand, it is determined in Step 101 
that the HD layer is specified by the user for replaying, 
the operation proceeds to Step 1 05, where the TOC ar- 
ea ofthe CD layer is replayed firstly and then, in Step 
106, the area TOC information is stored in the memory. 
In Step 107, the program area is accessed and the nec- 
essary data is retrieved therefrom on the basis of the 
obtained control information on the area TOC. Then, in 
Step 108, the program number and the passed-by ad- 
dresses of the program being replayed are generated 
on the basis of the recording addresses expressed in 
terms of absolute addresses of each program stored in 
the memory and the absolute addresses reproduced 
from said program area. 

[0091] Thereafter, in Step 109, the first switch and the 
second switch of FIG. 1 are turned to the HD side under 
the control of the control section. While the flow chart of 
FIG. 20 is described above in terms ofa multi-layer disk, 
the flow chart applies to the use of a CD and an HD disk 
by modifying Step 101 to determine if the CD or the HD 
disk is to be replayed. 

[0092] With the above described method, the addi- 
tional information ofa novel optical disk can be convert- 
ed into channel status data and user data equivalent to 
those of a CD, which can then be used as digital audio 
interface output. 

[0093] While a multi-bit digital signal of 16 bits with a 
sampling frequency of fs (Hz) conforming to the existing 
CD standards and output from the digital interface out- 
put section is produced and stored in some other record- 
ing medium in the above embodiment, it may alterna- 
tively be so arranged that a piece ofmusic is divided on 
the basis of the sub-data including channel status data 
and user data output from the sub-data converter/gen- 
erator 9 when the 1 -bit digital audio signal sampled with 
a sampling frequency offs multiplied by 64 (64 x 
44. 1 KHz = 2,8224MHz) and output from the audio signal 
output section 6 in FIG. 1 is recorded on some other 
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recording medium. 

[0094] Thus, according to the present invention, when 
replaying a disk storing digital audio signals recorded 
according to an HD system that is different from the CD 
system, the additional information including the track 
number and the elapsed time of each piece of music are 
detected and converted into data equivalent to channel 
status data and user data conforming to the CD stand- 
ards for the digital audio interface, which data are then 
output to the digital interface output. With this arrange- 
ment, the advantage of automatically recording the start 
Ids and the track numbers on the recording medium can 
also be maid available when recording a digital recorder 
such as DAT or mini-disk. 



Claims 

1 . A reproduction apparatus adapted to selectively re- 
playing a first recording medium having a program 
area storing a plurality of programs formatted ac- 
cording to a first format and sub-data including at 
least the passed-by addresses of each program 
and the program numbers; and 

a second recording medium having a program 
area storing a plurality of programs formatted ac- 
cording to a second format different from said first 
format and sub-data accompanying said programs 
and including absolute addresses and a control ar- 
ea for controlling recording addresses expressed in 
terms of absolute addresses and corresponding the 
programs stored in said program area; 
said reproduction apparatus comprising: 

a reproduction means for replaying the control 
area and the program area of said second re- 
cording medium; 

a memory means for storing recording address- 
es expressed in terms ofabsolute addresses 
and corresponding to the programs recorded in 
the control area of said second recording me- 
dium and replayed by said reproduction means; 
a sub-data generation means for generating 
the program number and the passed-by ad- 
dresses of the program currently being repro- 
duced on the basis of the absolute addresses 
reproduced from the program area of said sec- 
ond recording medium by the recording ad- 
dresses as expressed in terms of absolute ad- 
dresses and corresponding to the programs 
stored in said memory means and also by said 
reproduction means; and 
an interface output means for receiving as input 
the passed-by addresses and the program 
number of each of the programs reproduced 
from the program area of said first recording 
medium when replaying said first recording me- 
dium and receiving the passed-by addresses 
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and the program number of the program cur- 
rently being reproduced as generated by said 
sub-data generation means, transforming them 
and outputting them to a predetermined digital 
interface when replaying said second recording 
medium. 

2. A reproduction apparatus adapted to selectively re- 
playing a first layer having a program area storing 
a plurality of programs formatted according to a first 
format and sub-data including at least the passed- 
by addresses of each program and the program 
numbers and a second layer having a program area 
storing a plurality of programs formatted according 
to a second format different from said first format 
and sub-data accompanying said programs and in- 
cluding absolute addresses and a control area for 
controlling recording addresses expressed in terms 
of absolute addresses and corresponding the pro- 
grams stored in said program area; 

said reproduction apparatus comprising: 

a reproduction means for selectively replaying 
the program area of said first layer and the con- 
trol area and the program area of said second 
layer; 

a memory means for storing recording address- 
es expressed in terms of absolute addresses 
and corresponding to the programs recorded in 
the control area of said second layer and re- 
played by said reproduction means; 
a sub-data generation means for generating 
the program number and the. passed-by ad- 
dresses of the program currently being repro- 
duced on the basis of the absolute addresses 
reproduced from the program area of said sec- 
ond layer by the recording addresses as ex- 
pressed in terms of absolute addresses and 
corresponding to the programs stored in said 
memory means and also by said reproduction 
means; and 

an interface output means for receiving as input 
the passed-by addresses and the program 
number of each of the programs reproduced 
from the program area of said first layer when 
replaying said first layer and receiving the 
passed-by addresses and the program number 
of the program currently being reproduced as 
generated by said sub-data generation means, 
transforming them and outputting them to a pre- 
determined digital interface when replaying 
said second layer 

3. A reproduction apparatus according to claim 1 or 2, 
wherein said first format is that of a digital signal 
sampled with a sampling frequency of Fs and hav- 
ing a quantization bit number of m, where m is an 
integer greater than or equal to 2. 
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4. A reproduction apparatus according to claim 3, 
wherein said second format is that of a digital signal 
sampled with a sampling frequency of Fs multiplied 
by n, where n is an integer greater than or equal to 

2 and having a quantization bit number of 1 bit. s 

5. A reproduction apparatus according to any one of 
the preceding claims, further comprising a conver- 
sion means for converting the program in the pro- 
gram area of the second format into a program of 10 
the first format. 

6. A reproduction apparatus according to any one of 
the preceding claims, wherein said digital interface 
conforms to the I EC 958 Standards. is 

7. A reproduction method for selectively replaying a 
first recording medium having a program area stor- 
ing a plurality of programs formatted according to a 
first format and sub-data including at least the 
passed-by addresses of each program and the pro- 
gram numbers; and 

a second recording medium having a program 
area storing a plurality of programs formatted ac- 
cording to a second format different from said first 
format and sub-data accompanying said programs 
and including absolute addresses and a control ar- 
ea for controlling recording addresses expressed in 
terms of absolute addresses and corresponding the 
programs stored in said program area; 
said reproduction method comprising: 



sub-data generation means, transforming them 
and outputting them to a predetermined digital 
interface when replaying said second recording 
medium. 

8. A reproduction method for selectively replaying a 
first layer having a program area storing a plurality 
of programs formatted according to a first format 
and sub-data including at least the passed-by ad- 
dresses of each program and the program numbers 
and a second layer having a program area storing 
a plurality of programs formatted according to a sec- 
ond format different from said first format and sub- 
data accompanying said programs and including 
absolute addresses and a control area for control- 
ling recording addresses expressed in terms of ab- 
solute addresses and corresponding the programs 
stored in said program area; 
said reproduction method comprising: 



a replaying step of selectively replaying the pro- 
gram area of said first layer and the control area 
and the program area of said second layer; 
a storing step of storing recording addresses 
25 expressed in terms of absolute addresses and 

corresponding to the programs recorded in the 
control area of said second layer and replayed 
by said reproduction means; 
a sub-data generating step of generating the 
30 program number and the passed-by addresses 

of the program currently being reproduced on 
the basis of the absolute addresses reproduced 
from the program area of said second layer by 
the recording addresses as expressed in terms 
of absolute addresses and corresponding to 
the programs stored in said memory means 
and also by said reproduction means; and 
an interface output step of receiving as input 
the passed-by addresses and the program 
number of each of the programs reproduced 
from the program area of said first layer when 
replaying said first layer and receiving the 
passed-by addresses and the program number 
of the program currently being reproduced as 
generated by said sub-data generation means, 
transforming them and outputting them to a pre- 
determined digital interface when replaying 
said second layer. 
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a replaying step of replaying the control area 
and the program area of said second recording 
medium; 35 
a storing step of storing recording addresses 
expressed in terms of absolute addresses and 
corresponding to the programs recorded in the 
control area of said second recording medium 
and replayed by said reproduction means; 40 
a sub-data generating step of generating the 
program number and the passed-by addresses 
of the program currently being reproduced on 
the basis of the absolute addresses reproduced 
from the program area of said second recording 45 
medium by the recording addresses as ex- 
pressed in terms of absolute addresses and 
corresponding to the programs stored in said 
memory means and also by said reproduction 
means; and so 
an interface output step of receiving as input 
the passed-by addresses and the program 
number of each of the programs reproduced 
from the program area of said first recording 
medium when replaying said first recording me- ss 
dium and receiving the passed-by addresses 
and the program number of the program cur- 
rently being reproduced as generated by said 
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